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way that they are reproduced in the cells of the mature animal,
function in those cells, and are passed on to offspring. For instance,
researchers have introduced growth hormone genes into several kinds
of agriculturally important animals in an attempt to make the animals
grow faster, larger, or leaner. It remains to be seen whether this
genetic modification will upset the animals' metabolic balance, causing
harmful long-term effects on their health.

Human Gene Therapy

Just as genes can be inserted in a functional form into the cells of
animals, so they can be inserted into human cells. There is an
important distinction between the genetic engineering of animals and
humans, however. For the foreseeable future, genes will be introduced
only into limited subsets of a patient's somatic cells. Because the new
genes will be reproduced only in that population of cells, they will not
be passed on to offspring. Technical difficulties and ethical constraints
will rule out the genetic engineering of human sex or germline cells for
many years to come.

The first attempts at human gene therapy will involve the insertion
of genes into bone marrow cells extracted from patients with severe
genetic disorders. The transformed bone marrow cells will be rein-
serted into the patient's body, where, if the procedure is successful,
they will multiply and alleviate the patient's disease. This type of
treatment is essentially similar to other kinds of medical procedures,
such as transplants, and it raises no new ethical problems.

The technical and ethical problems associated with germline gene
therapy are far more formidable. First, the procedures used with
animals so damage most of the treated cells that they never develop
into live animals. Second, only a fraction of the treated cells that do
grow contain the foreign gene. Third, the insertion of a gene can cause
severe and often lethal mutations in the cell. Finally, germline gene
therapy would alter the genetic pool of the human species, rais-
ing fundamental questions about tampering with humanity's genetic
heritage.

Ethical considerations are also associated with the use of genetic
engineering to enhance a human characteristic, as opposed to replacing
a defective gene. In certain cases the issues are clear-cut, as in the
condemnation of any attempt to insert a growth hormone gene into an
otherwise normal person. But other cases are less well resolved. For
instance, it may eventually be possible through human gene therapy to
reduce a person's susceptibility to various diseases.